Accumulating evidence suggests a relationship between the gut microbiota and the development of obesity, indicating the potential of probiotics as a therapeutic approach. Bifidobacterium breve B-3 has been shown to exert anti-obesity effects in high-fat diet-induced obese mice. In the present study, the anti-obesity effects of the consumption of B. breve B-3 by healthy pre-obese (25 ≤ BMI < 30) adults were investigated in a randomized, double-blind, placebo-controlled trial (trial registration: UMIN-CTR No. 000023919; preregistered on September 2, 2016). Eighty participants were randomized to receive placebo or B. breve B-3 capsules (2 × 10 10 CFU/day) daily for 12 weeks. The visceral fat area significantly increased at weeks 4 and 8 in the placebo group only; no significant change was observed in the B-3 group. Body fat mass and percent body fat were significantly lower in the B-3 group than in the placebo group at weeks 8 and 12 (p<0.05, ANCOVA adjusted with baseline values). Although no significant differences were observed in blood parameters between the groups, the intake of B. breve B-3 slightly decreased triglyceride levels and improved HDL cholesterol from the baseline. No serious adverse effects were noted in either group. These results suggest that the probiotic strain B. breve B-3 has potential as a functional food ingredient to reduce body fat in healthy pre-obese individuals.
INTRODUCTION
Obesity is defined as abnormal or excessive fat accumulation and causes lifestyle-related metabolic disorders such as hypertension, dyslipidemia, and diabetes [1] . Even though the consumption of energy-dense foods and a low energy requirement for physical activity are the main factors leading to obesity, recent evidence indicates that the gut microbiota affects energy homeostasis and fat storage in adipocytes and is closely associated with obesity [2] [3] [4] .
The relationship between the gut microbiota and obesity may be explained by the metabolic endotoxemia hypothesis, which links the gut microbiota to low-grade inflammation and further metabolic disorders [5] . In experimental animals and humans, obesity and metabolic disorders have been associated with an impaired gut barrier, which may lead to the increased translocation of endotoxins, particularly in connection with a Western diet [6] [7] [8] . Previous studies reported that the Gram-negative bacterial outer membrane component, lipopolysaccharide (LPS), was responsible for the early onset of inflammation, insulin resistance, obesity, and diabetes [9] . Sun et al. showed that the levels of the LPS-binding protein (LBP), a marker of subclinical endotoxemia, were significantly higher in overweight/obese individuals than in normal weight individuals (geometric mean 27.6 vs. 10.0 µg/ ml; p<0.001) in addition to high-sensitivity C-reactive protein (hCRP), IL-6, adiponectin, and leptin levels [10] . The feeding of bifidobacteria reversed metabolic endotoxemia and improved gut integrity and associated metabolic changes in mice [5, 11] . Therefore, the administration of bifidobacteria may be a promising strategy for the prevention of metabolic endotoxemia and treatment of metabolic diseases.
The relationship between the composition of the microbiota and obesity has been reported as a higher ratio of Firmicutes to Bacteroidetes in obese subjects than in lean subjects [12] . A recent study on obese children obtained findings that were consistent with a similar gut microbiota composition [13] ; however, not all human trials showed similar findings [14] . In addition, the fecal abundance of the genus Bifidobacterium was found to be significantly lower in obese subjects than in lean subjects [15] [16] [17] . A meta-analysis also indicated that the gut microbiota of an obese group was consistently and significantly depleted of bifidobacteria [18] . These lines of evidence imply that this probiotic bifidobacterial strain is the best candidate to exert anti-obesity effects [18] . However, the anti-obesogenic effects of Bifidobacterium spp. are known to be species-or even strain-specific [14] , and the magnitude of the effects depend on human conditions. Thus, the antiobesity effects of probiotics need to be clarified in clinical trials using a specific strain in well-defined subjects.
Bifidobacterium breve B-3 is one of the promising anti-obesogenic strains. We previously reported that the administration of this strain suppressed body weight gain and visceral fat deposition in a dose-dependent manner and improved serum levels of total cholesterol, glucose, and insulin in diet-induced obese mice [19] . In humans, the daily intake of capsules containing a lyophilized powder of B. breve B-3 at a dose of 50 billion colony-forming units (CFU)/ day reduced body fat mass [20] ; however, some subjects were receiving medication for diabetes, hypertension, or hyperlipidemia.
In the present study, a randomized, double-blinded, placebocontrolled trial was conducted to investigate whether the consumption of capsules containing lyophilized live B. breve B-3 powder exerts reducing effects on abdominal adiposity and affects the body composition in healthy pre-obese subjects without diabetes, hypertension, hyperlipidemia, or any other disorders. We also evaluated blood parameters associated with obesity, such as blood lipids, blood sugar, liver function, and inflammation markers (hCRP and LBP), in order to assess the effects of B. breve B-3 on metabolic function and evaluate its safety.
MATERIALS AND METHODS

Participants
This randomized, double-blind, placebo-controlled study was performed between September 2016 and December 2016 at the Shinagawa Season Terrace Health Care Clinic in Tokyo, Japan. Prior to the study, participants were recruited by the contract research organization KSO Co., Ltd. (Tokyo, Japan) via the internet and were subjected to body composition measurements, blood tests, urinary tests, and background questionnaires for screening. Eligible participants were healthy pre-obese adults. The inclusion criteria were between 20 and 64 years and a body mass index (BMI) of 25 or more but less than 30 kg/m 2 (25 ≤ BMI < 30 kg/m 2 ), which was considered to be pre-obese according to the criteria of WHO [21] . The exclusion criteria were as follows: taking medication for gastrointestinal diseases, diabetes, hypertension, or dyslipidemia that may affect outcome measures; a history of receiving treatment for serious disorders (i.e., cardiovascular diseases, liver diseases, digestive disorders, endocrine metabolic diseases, and sleep apnea syndrome); serious allergies to medicine and food; pregnancy or lactation; heavy smoking; heavy drinking; irregular lifestyles; and judgment as inappropriate for the trial, such as due to disease, by the physician in charge. Participants provided written informed consent before study initiation.
Procedure
After the assessment for eligibility, participants were randomized to receive B-3 or placebo capsules. A computergenerated randomization scheme was used that utilized random permuted blocks of 4 participants stratified by gender, age, BMI, and the abdominal fat area to ensure the balanced assignment of participants to each group. Randomization was performed by a concealed study coordinator. Participants and observers were both blinded to group allocation. Doubleblinding was achieved by labeling the test foods with an identification number only. The blinding code was retained by the concealed study coordinator and opened after completion of the study. The study period consisted of a 2-week run-in period followed by a 12-week ingestion period. Participants were subjected to physical measurements and a medical interview 0, 4, 8, and 12 weeks after the initiation of the intervention. At 0 and 12 weeks, blood and urine tests were conducted. Participants recorded the intake of the test foods, dietary constituents, medication, drinking, lifestyle changes, and exercise in a diary. The diary was assessed by a dietitian at every 4-week visit. Participants were instructed not to change their regular lifestyles, diet, or exercise and were prohibited from consuming foods, beverages, and supplements that lower body fat, blood glucose, or cholesterol as well as fermented food and supplements with probiotic bacteria because these foods may affect the body composition.
The primary outcome measure was the change in the abdominal visceral fat area at week 12. Secondary outcome measures included changes in the body composition (body weight, fat mass, fat percentage, BMI, and subcutaneous fat area), waist circumference, blood parameters (blood lipids, blood glucose, liver function, and inflammatory parameters), and the composition of the gut microbiota. The safety of test food ingestion was evaluated by blood tests, urine tests, and a diagnostic interview by a physician.
A minimum sample size of 80 participants was calculated as necessary to detect a 10 ± 15 cm 2 (mean ± SD) change in the visceral fat area between the groups at week 12 at a 5% significance level with 80% power. A dropout rate of 10% was expected.
The study protocol was reviewed and approved by the Review Board of the Ethical Committee of Nihonbashi Cardiology Clinic (Tokyo, Japan). The protocol was in accordance with the Declaration of Helsinki. This clinical trial was preregistered in the UMIN Clinical Trials Registry on September 2, 2016 (UMIN 000023919).
Probiotic capsules
The test food was capsules containing the lyophilized powder of live B. breve B-3 (10 billion CFU per capsule). The placebo capsule mainly contained corn starch and did not have any bifidobacteria. Participants were instructed to ingest 2 capsules (20 billion CFU/day for the B-3 group) within 30 minutes of a meal daily for 12 weeks. The B-3 capsule was confirmed to contain the required CFU during the intervention period and to be identical in terms of appearance, smell, and weight to the placebo capsule. Sixty B-3 or placebo capsules were distributed at each visit at 0, 4, 8, and 12 weeks, and the capsules remaining at each visit were recovered from the participants.
Measurements and body composition
The abdominal visceral fat area and subcutaneous fat area were measured with a DUALSCAN HDS-2000 dual bioelectrical impedance analysis (BIA) instrument (Omron Healthcare, Kyoto, Japan). The principles of intra-abdominal fat area measurements obtained with the dual BIA instrument were described in detail previously [22, 23] . In order to avoid interference caused by hydration status in results, fasting morning measurements were performed with minimal consumption of water. Measurements were performed in triplicate, and the mean values were utilized for analyses. Body weight, fat mass, and fat percentage were measured by the bioelectrical impedance method using an InBody 770 medical-grade body composition analyzer (InBody Japan, Tokyo, Japan). BMI was also automatically calculated by the InBody 770 using a manually measured value for height. Waist circumference was measured at the midpoint between the lower margin of the rib and the top of the iliac crest.
Blood and urine tests
Blood and urine tests were performed at 0 and 12 weeks. The following blood parameters were analyzed by LSI Medience Corporation (Tokyo, Japan): total cholesterol, low-density lipoprotein cholesterol (LDL-cholesterol), high-density lipoprotein cholesterol (HDL-cholesterol), triglycerides, glycoalbumin, fasting blood glucose, hemoglobin A1c (HbA1c), insulin, aspartate transaminase (AST), alanine aminotransaminase (ALT), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (γ-GTP), hCRP, LBP, white blood cells (WBCs), red blood cells (RBCs), hemoglobin, hematocrit, platelets, total protein, albumin, lactate dehydrogenase (LDH), bilirubin, creatine kinase (CK), urea nitrogen, creatinine, uric acid, sodium, chloride, potassium, calcium, inorganic phosphorus, magnesium, and serum iron. HOMA-IR was calculated as insulin (μU/ml) × fasting blood glucose (mg/dl) / 405. The following urine parameters were also analyzed by LSI Medience Corporation: urine protein, sugar, urobilinogen, bilirubin, ketone bodies, and occult blood.
Dietary constituents
Participants maintained a detailed record of their diet for 3 consecutive days before each visit: at weeks 0, 4, 8, and 12. A dietitian analyzed dietary records to assess the intake of total energy, protein, fat, carbohydrate, and dietary fiber using Excel Eiyokun ver. 8.0 (Kenpakusha Co., Ltd., Tokyo, Japan).
Statistical analysis
SAS software version 9.3 (SAS Institute, Cary, NC, USA) was used for statistical analyses on body composition and blood parameters. Variables that did not follow a normal distribution were analyzed after a natural log transformation. For clarity, the values in the tables are presented according to the original scale. Baseline characteristics were compared with Fisher's exact test for categorical variables and a twosample T-test for continuous variables. Regarding primary and secondary outcomes, a comparison was performed between experimental groups using an analysis of covariance (ANCOVA) adjusted for the baseline (week 0). Withingroup changes at each time point (weeks 4, 8, and 12) from the baseline (week 0) were analyzed using a one-sample t-test. A p-value <0.05 was considered to be significant. The magnitude of effects were calculated and expressed as η 2 =SS effect / SS total, and the effect size was considered to be small (η 2 =0.01), medium (η 2 =0.06), or large (η 2 =0.14) [24] .
RESULTS
Participant baseline characteristics and dietary constituents
Following assessment for eligibility of 149 volunteers who expressed interest in participating in the study for eligibility, 80 healthy pre-obese participants were allocated to be 2 groups, the placebo and B-3 groups, as shown in the participant flow diagram (Fig. 1) . No participants dropped out after the initiation of the study, and all participants completed the protocol. Participant backgrounds, including body weight, BMI, the abdominal fat area, body fat, and muscle mass, were not significantly different between the placebo and B-3 groups at baseline (Table 1) . No significant differences were observed in dietary constituents between the groups, and no significant changes in total energy, protein intake, fat intake, carbohydrate intake, or dietary fiber intake were observed at weeks 0, 4, 8, or 12 from the baseline ( Table 2) . Intake rates were 99.9% (the placebo group) and 99.8% (the B-3 group). There were no contraventions with respect to compliance.
Body composition
Percent body fat significantly increased from the baseline in the placebo group from weeks 4 to 12 ( Fig. 2A) . Percent body fat in the B-3 group was significantly lower at weeks 8 and 12 than in the placebo group, and the effect size was medium (p=0.02, η 2 =0.074, for week 8; p=0.02, η 2 =0.068, for week 12) (Fig. 2A) . Body fat mass in the B-3 group was significantly lower at weeks 8 and 12 than in the placebo group, and the effect size was small to medium (p=0.04, η 2 =0.053, for week 8; p=0.03, η 2 =0.060, for week 12) (Fig.  2B) . Muscle mass in the placebo group slightly decreased during the intervention period, while that in the B-3 group started to increase after week 8. Muscle mass showed a significant between-group difference at week 8 with a medium effect size (p=0.03, η 2 =0.062) (Fig. 2C) . Waist circumference in the B-3 group was significantly lower at week 12 than at the baseline (p<0.01) (Fig. 2E) . No significant change was observed in BMI (Fig. 2D) .
Changes in the abdominal fat area are shown in Fig. 3 . The total fat area was significantly increased from the baseline in both groups at week 4 (Fig. 3A) . The visceral fat area in the placebo group was significantly increased from the baseline at weeks 4 and 8 (p=0.02 and p=0.045, respectively) (Fig. 3B) . No significant change was observed for visceral fat mass in the B-3 group or for the subcutaneous fat area in both groups (Fig. 3B, 3C) .
In a stratified analysis with mildly obese participants with a visceral fat area that was less than 100 cm 2 (placebo, n=15; B-3, n=19) at week 12, percent body fat was slightly lower in the B-3 group (−0.65%, p=0.08) than in the placebo group, whereas waist circumference was significantly lower in the B-3 group (−3.3 cm, p=0.01) than in the placebo group. 
Blood parameters for efficacy
The transitions of blood parameters from weeks 0 to 12 are summarized in Table 3 . No significant differences were observed in blood parameters between the groups. Significant differences from the baseline were observed for the values of glycoalbumin (12.7 to 12.9%, p<0.01) in the placebo group and AST (24.8 to 25.5 U/l, p=0.049) and ALT (34.3 to 36.4 U/l, p=0.03) in the B-3 group. HDL-cholesterol slightly increased (46.4 to 48.2 mg/dl, p=0.058) from the baseline in the B-3 group, and triglycerides slightly decreased (176.8 to 150.4 mg/dl, p=0.053) from the baseline in the B-3 group. We did not observe significant changes in the inflammation The data are presented as means ± SE. *Significant difference between the placebo and B-3 groups analyzed by ANCOVA adjusted for the baseline (p<0.05). † Significant within-group difference from the baseline analyzed by a one-sample t-test (p<0.05). The data are presented as means ± SE. † Significant within-group difference from the baseline analyzed by a one-sample t-test (p<0.05).
markers, hCRP and LBP.
Blood and urine tests for the safety evaluation
During the trial period of this study, no serious adverse events were observed in participants. Among 8 mild adverse events, such as the common cold, headache, or muscular pain, 6 were observed in the placebo group, and 2 common colds were noted in the B-3 group. The symptoms observed in the B-3 group were considered by the physician to be unrelated to test food ingestion.
The results of the blood, biochemical, and urine tests are shown in Table 4 . No significant changes were observed in blood parameters including WBCs, RBCs, hemoglobin, and platelets. In the B-3 group, albumin, uric acid, and calcium significantly decreased from the baseline, while creatinine and chloride significantly increased from the baseline. In contrast, in the placebo group, creatinine and uric acid significantly decreased, while chloride significantly increased. However, these changes in blood parameters were within normal ranges.
DISCUSSION
The composition of the gut microbiota differs between lean and obese subjects and is recognized as a therapeutic target of obesity. In a meta-analysis of randomized controlled trials to examine the effects of probiotic supplementation on the body composition in overweight (BMI 25-29.9 kg/m 2 ) and obese (BMI ≥30 kg/m 2 ) subjects, five studies reported changes in percent body fat, and the pooled estimate showed that percent body fat was significantly lower in the intervention groups (−0.60%) than in the control groups, with low heterogeneity between the studies [25] . These five studies, including our previous study, showed a 0.7-kg reduction in fat mass with the intake of B. breve B-3 at a dose of 50 billion CFU/ day for 12 weeks [20] . In the present study, the intake of B. breve B-3 at a dose of 20 billion CFU/day for 12 weeks significantly reduced percent body fat and body fat mass in pre-obese participants. The differences in percent body fat and body fat mass between the groups were 0.7% and 0.6 kg, respectively ( Fig. 2A, 2B) , which are consistent with the findings of the abovementioned meta-analysis [25] and our previous study. We confirmed that nutrient intake did not significantly differ between the groups during the study period because an excessive food intake is a major factor leading to obesity. These results suggest that B. breve B-3 is a promising probiotic strain for body fat reductions in healthy pre-obese individuals. To the best of our knowledge, B. breve B-3 is the only bifidobacterial strain to have induced significant reductions in body fat in a randomized controlled trial without lifestyle changes, such as calorie restrictions, or any combination with other pre/probiotics.
Regarding body fat in the abdominal cavity, visceral adipose tissue is anatomically, physiologically, and prognostically different from subcutaneous adipose tissue [26] . Since excess visceral fat shows a stronger correlation Values are means ± SD. Within-group comparisons: *p<0.05; † p<0.1. ‡ Analysis was performed after logarithmic transformation of the values. Table 4 . Changed values of hematology, biochemical, and urine parameters from the baseline with metabolic disorders than excess subcutaneous fat, we investigated changes in visceral fat area as a primary outcome. However, significant differences in the visceral fat area were not observed between the groups in the present study despite significant body fat reductions. Several clinical trials have reported the positive effects of probiotic strains on visceral fat reductions. The consumption of fermented milk containing Lactobacillus gasseri SBT2055 for 12 weeks significantly reduced the visceral fat area in adults with visceral fat accumulation (81.2-178.5 cm 2 ) [27] . Furthermore, the consumption of fermented milk containing B. animalis ssp. lactis GCL2505 for 12 weeks was also recently reported to significantly reduce the visceral fat area in healthy subjects with BMIs ranging between 23 and 30 [28] . Visceral fat deposition in the participants of the present study (Table 1) was less than that in previous studies (127.3 ± 24.6 cm 2 in the SBT2055 group in the study of Kadooka et al., 133.4 ± 29.6 cm 2 in the GCL2505 group in the study of Takahashi et al.) [27, 28] . Smaller visceral fat deposits may be one reason for the undetectable change in the visceral fat area in the present study.
In the present study, triglyceride levels slightly decreased, while HDL-cholesterol slightly improved from the baseline in the B-3 group (Table 3) . Some probiotics have been reported to affect serum lipid levels in humans [29] . In diet-induced obese mice, B. breve B-3 supplementation improved the serum levels of total cholesterol [19] . A DNA microarray analysis also revealed that the administration of B. breve B-3 upregulated the gene expression of pathways involved in lipid metabolism including the Cyp4a family and Cyp7A1a in the liver of a mouse model of diet-induced obesity [30] . Cyp4a family members play roles in the induction of fatty acid oxidation or energy expenditure in the liver [31] , and Cyp7A1a is the rate limiting enzyme in the synthesis of bile salt from cholesterol [32] . Transgenic mice overexpressing Cyp7a1 in the liver were found to be resistant to high-fat diet-induced obesity, fatty liver, and insulin resistance [33] . Hepatic Cyp7A1 was shown to be regulated by the intestinal farnesoid X receptor (FXR) in combination with fibroblast growth factor 15 (FGF15) [34, 35] . Sayin et al. demonstrated that the gut microbiota regulated the expression of FGF15 in the ileum and Cyp7A1 in the liver via FXR-dependent mechanisms and altered the size and composition of the total bile acid pool in their rederivation study on germ-free FXRdeficient mice [36] . The effects of probiotic administration were investigated and found to induce hepatic bile acid synthesis via downregulation of the FXR-FGF15 axis in mice [37] . Based on these findings, the induction of fatty acid oxidation, energy expenditure, and bile acid synthesis via upregulation of Cyp7A1 expression in the liver appear to explain improved lipid metabolism and body fat reductions caused by the consumption of B. breve B-3.
Blood inflammation markers were not affected by the consumption of B. breve B-3 in the present study. The levels of hCRP and LBP were lower in the B-3 group (mean values of 0.13 mg/l for hCRP and 7.5 µg/ml for LBP) than in previous studies. Sun et al. demonstrated that hCRP differed with the obese status and that the blood level of LBP correlated with the odds ratio for metabolic syndrome, type 2 diabetes, and insulin resistance (mean values of 1.38 mg/l for hCRP and 27.6 µg/ml for LBP) [10] . The mean value of hCRP was 7-fold higher (0.98 µg/ml) in our previous study in which we observed a significant reduction in hCRP with the consumption of B. breve B-3 at a dose of 50 billion CFU/day for 12 weeks [20] . These findings suggest that the inflammatory condition related to metabolic endotoxemia was mild in the healthy population. Although BMI is an indicator of the amount of body fat, it does not differentiate adiposity types, function, or metabolic implications [38] . Circulating endotoxin levels need to be added to inclusion criteria for assessing the effects of probiotics on endotoxemia and chronic inflammation accompanied by obesity.
We observed significant between-group difference in muscle mass at week 8 (Fig. 2C) . Although recent studies have suggested the presence of a "gut-muscle axis," whereby gut microbiota may act as the mediator of the effects of nutrition on muscle cells [39, 40] , little is known about the clinical evidence [39, 41] . In the present study, we instructed participants not to change their regular lifestyle or exercise. However, we did not assess measurable parameters for the physical activity of participants. Since physical activity and exercise are critical factors for increases and decreases of muscle mass, further study is needed to explore the effect of B. breve B-3 on muscle mass through stringent evaluation of physical activity.
We investigated the safety of B. breve B-3 consumption as well as its efficacy on the body composition in the present study. Probiotic microorganisms are commonly from the genera Lactobacillus and Bifidobacterium and are generally considered to be safe [42] . In the present study, no adverse effects attributed to the administration of B. breve B-3 were observed, and the changes noted (cf. blood and urinary parameters) were within normal ranges. Thus, the present study suggests that there were no safety concerns with respect to intake of B. breve B-3.
There were some limitations in the present study. Variations in each participant's physical activity may have influenced energy expenditure and body composition. We instructed participants to not change their regular lifestyle or exercise and asked them to record lifestyle changes and exercise in a diary. However, we did not investigate changes in physical activity using measurable parameters such as steps as measured with a pedometer. Thus, variations in each participant's physical activity may have affected the results of the present study. Furthermore, the results of the present study cannot be extrapolated to patients, such as those with severe adiposity (BMI >30), diabetes, hyperlipidemia, and childhood obesity, because the participants were healthy preobese adults. Although the anti-obesity effects of probiotics in fermented milk were close to baseline at the 4-week follow-up visit in a previous study [43] , we did not conduct a follow-up analysis in the present study. Therefore, a follow-up analysis is needed in order to evaluate the persistence of effectiveness.
In conclusion, the present study demonstrated that the daily consumption of B. breve B-3 at a dose of 20 billion CFU/day for 12 weeks exerted significant reducing effects on body fat in healthy pre-obese adults without any adverse effects. Therefore, a strain of B. breve B-3 is safe for a healthy population and may be useful for preventing body fat accumulation and related metabolic disorders in pre-obese individuals.
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